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Fig.  1: Major Mineral and Petroleum Projects in  Western Australia. Source: [1]. 
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Fig.  3: Australian annual average daily solar exposure. Source: Renewable Energy Atlas of Australia. 
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Fig.  4: Australian mean annual rainfall. Source: Renewable Energy Atlas of Australia. 
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Fig.  5: Species lipid productivity. (Average literature (dark grey). and calculated (light grey) values for 
biomass productivity - mg/Uday. Error  bars show the min. and max. recorded lipid  productivity for 
literature values and propagation of error for calculated values). Source: [11]. 
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Microalgae production methods 
In terms of production methods, there are essentially two competing technologies for 
commercial algae production: open raceway ponds or closed  photobioreactors. Closed 
photobioreactors contain the water inside complex transparent piping systems.  While more 
controllable, efficient and  resistant to contamination by other biological organisms, are capital 
intensive [5]. (Fig.  6).  Higher oil algal strains generally grown slower than low oil strains, 
which when contamination occurs results in greater populations of low oil species [5]  (Table 
4).  New laboratory-based process optimisation studies regarding trace minerals, and other 
nutrients are showing promising results that incrementally enhance commercial system  yield 
and  cost-effectiveness [18]. The ability to control yield in photobioreactors are a significant 
advantage over ponds.  However, open ponds are a low cost option. The productivity of pond 
production is reduced by poor mixing, and contamination by other algal and  microorganism 
species that consume algae [6]  [8]. While less controllable, adjustments to the pond depth, cell 
densities, pond temperatures, dissolved oxygen concentration, and  pH  in pond water, 
increases productivity markedly despite competition from other organisms [12] [11]. 
The suitability of algae production for mining bioenergy and biosequestration is primarily 
dependent on the price of crude oil. At $US60 a barrel for crude, microalgal oil would be cost 
competitive at $USO.4l1L, whilst at $US80 a barrel microalgal oil would compete at 
$USO. 5  5fL (all pre-tax). Therefore, a reasonable medium-term target price for algal oil for 
algal biodiesel cost competitiveness with petroleum diesel  is $US0.48fL pre-tax. Chisti  (2007) 
undertook an  economic analysis to compare the operating costs of a photobioreactor and 
open pond. Assuming  30% oil content by weight, the cost of production for the 
photobioreactor was estimated at $US9.83fL and the open pond was  $US12.6fL [6].  (Table  5). 
Fig.  6:  Professor Borowitzka's helical tubular photobioreactor at Murdoch University. Source: [6]. 
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These costs are sensitive to economies of scale. With a 100-fold scale increase to 600 
photobioreactor units, or SO  ha  of ponds, the algal oil  photobioreactor and pond production 
price was projected to be $US1.40 and $US1.Sl  (pre-tax), respectively. The recovery process 
comprises roughly half of this total algal oil  cost [6]. 
Table 4: Oil  content of some microalgae species. Source: [6]. 
Microalga 
Botl)lOCOCCIiS bralillii 
Chlorella sr. 
C,yplliecodillilll11  colllli; 
Cylilldmrheca sr. 
Dwwliella prill/olec/a 
Isoch  lysis sr. 
MOllal/al/llms salina 
Nail/lOch/oris sr. 
Nal1llOch/oropsis sr. 
Neochloris o/eoabwl(/alls 
Nil::schia sr. 
P/weodacly/wl/ tricorn/lltllll 
Schi::.ocliylrilll1l  sp. 
Telrase/mis slIeica 
Oil content  (% dry  wt) 
25- 75 
28- 32 
20 
16- 37 
23 
25- 33 
>20 
20- 35 
31- 68 
35- 54 
45-47 
20-30 
50- 77 
15- 23 
Table 5: Comparison of photobioreactor and pond production methods. Source: [6]. 
Variable  Photobioreactor  Raceway ponds 
facility 
Annual biomass  100,000  100,000 
production (kg) 
Volumetric productivity  1.535  0.117 
(kg 111- '  d- I) 
Areal productivity  0.048 "  0.035  b 
(kg 111- 2 d- I)  0.072 c 
Biomass concentration  4.00  0.14 
in broth  (kg 111- ' ) 
Dilution mle (d- I)  0.384  0.250 
Area  needed  (m
2
)  5681  7828 
Oil yield (Ill'  ha  - I)  136.9
d  99.4 d 
58.7'  42.6' 
Annual CO2  183,333  183,333 
consumption (kg) 
System geometry  132 parallel  tubes/unit;  978 m2/pond;  12  III 
80  111  long tubes;  wide,  82  111  long, 
0.06 III tube diameter  0.30 III deep 
Number of units  6  8 
a  Based on  facility  area. 
b  Based on actual pond area. 
C  Based on  projected  arca of photobiorcactor wbcs. 
d  Based on 70% by W I oil in biol11ass. 
e  Based on  30% by wt oil in biomass. 
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